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© Noise reduction for wind turbine. 

© The noise emitted by a wind turbine is reduced 
by securing of a plurality of acoustically absorbing 
tiles (6) to the surface of the wind turbine support 
tower. Each tower is formed by high density layer 
(2) linked to the wind turbine surface by a layer of 
plastics foam material (8). 




Rank Xerox (UK) Business Services 

(3. 10/3.09/3-3.4) 



BEST AVAILABLE COPY 



'l EP0 657 



This invention relates to noise emission reduc- 
tion and particularly to the reduction of noise emit- 
ted by the tower of a wind turbine. 

Wind turbines conventionally comprise a tall 
tower of circular or polygonal cross-section with a 5 
nacelle mounted at the top, the nacelle mounting a 
large multi-bladed propeller rotating about the hori- 
zontal axis and connected through a system of 
gears to an electrical generator also contained with- 
in the nacelle, the nacelle is arranged to rotate jo 
about a vertical axis on top of the tower so as to 
keep the propeller disc facing into the wind. All of 
the parts driven by the turbine mechanically are 
contained within the upper nacelle and electrical 
power generated within the nacelle is carried down 75 
the tower and away to its destination by cables and 
rotary electrical connectors. 

Since the wind turbine includes a propeller disc 
comprising a plurality of aerodynamic vanes over 
which the wind moves and contains rotating ma- 20 
chinery the wind turbine inevitably generates noise. 
Due to the necessity to place wind turbines on high 
windswept points and due to the fact that the noise 
is generated by the parts at the top of the wind 
turbine such noise can be a problem over a large 25 
area around the wind turbine since the noise can 
travel along a direct straight line path to consider- 
able distances without encountering any absorbing 
obstruction. 

This problem is accentuated by the fact that 30 
most wind turbines generate noise at one or more 
discrete frequencies which are distinctive of the 
wind turbine design as well as generating noise 
across a continuous spectrum so where a farm of a 
number of identical wind turbines is set up their 35 
combined noise at these discrete frequencies, be- 
ing at the same frequency for all of the turbines, 
can carry for several miles. 

It has been found that a major source of this 
noise is mechanical vibrations generated by the ao 
moving parts inside the nacelle which are transmit- 
ted into the nacelle structure and then into the 
tower. This mechanical vibration causes the tower 
structure to vibrate and it is this vibration of the 
tower structure which emits the noise. 45 

It has been attempted to solve this problem by 
fitting vibration isolating mounts between the ma- 
chinery in the nacelle and the actual nacelle and 
tower structures but this has not been fully effec- 
tive in eliminating this noise. 50 

This invention was intended to eliminate or at 
least reduce noise emission from wind turbine 
towers. 

This invention provides apparatus for reducing 
noise emission from a structure vibrating at specific 55 
discrete frequencies comprising a plurality of 
acoustically absorbing tiles secured to the surface 
of the structure, each tile comprising a high density 
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layer linked to the structure by a layer of plastics 
material. 

Apparatus employing the invention will now be 
described by way of example only with reference 
to the accompanying diagrammatic figures, in 
which; 

Figure 1 shows a general view of a wind turbine 
employing the present invention; 
Figure 2 shows a first type of acoustically ab- 
sorbing tile according to the present invention 
mounted on a wind turbine; and, 
Figure 3 shows a second type of acoustically 
absorbing tile according to the present invention 
mounted on a wind turbine, similar parts having 
the same reference numerals throughout. 
Referring to Figure 1 a wind turbine 1 is 
shown. The wind turbine 1 comprises a supporting 
tower 2 bearing a streamlined nacelle 3 at its upper 
end. A rotary joint 4 is situated between the tower 

2 and the nacelle 3 to allow rotation of the nacelle 

3 relative to the tower 2. At one end of the nacelle 
3 a plurality of wind turbine vanes 5 are arranged 
symmetrically to form a turbine disc rotating about 
a horizontal axis. The vanes 5 are attached to a 
shaft inside the nacelle 3 which drives an electrical 
generator through suitable gearing, such arrange- 
ments are well known and need not be described 
in detail here. 

The support tower 2 is circular in cross-section 
in order to minimise wind loads and is tapered with 
a larger diameter at its bottom end than at its top 
end. 

It has been found that the troublesome noise 
emissions from such wind turbines are caused by 
mechanical noise from the shaft, bearings, gearing 
and electrical generator within the nacelle 3 being 
transmitted into the structure of the support tower 2 
and causing the outer surface of the support tower 
2 to vibrate at the same frequency as the driving 
mechanical vibration. This vibration is substantially 
eliminated by arranging a plurality of acoustically 
absorbing tiles 6 on the outer surface of the sup- 
port tower 2 to absorb the vibration. 

Referring to Figure 2 a first type of acoustically 
absorbing tile 6 secured to the outer surface of the 
support tower 2 is shown in cross-section. The 
acoustically absorbing tile 6 comprises a first layer 
7 of polyurethane plastic foam containing enclosed 
gas bubbles and a second metal plate layer 8 
attached to the polyurethane foam layer 7. The free 
surface of the polyurethane foam layer 7 opposite 
the metal plate 8 is secured to the inner surface of 
the support tower 2 by adhesive. 

In operation each acoustically absorbing tile 6 
acts as an acoustic absorber of the damped weight 
and spring resonator type with the metal plate 8 
being the weight and the polyurethane foam 7 
acting as the spring. The acoustic characteristics of 
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the tiles 6 are arranged so that they absorb acous- 
tic energy at the frequency of the noise emissions 
to be eliminated. The characteristics of resonators 
of this type are well known and for any particular 
frequency which it is desired to have the tile ab- 5 
sorb the necessary combinations of foam thickness 
and plate thickness can easily be calculated once 
the density of the metal forming the plate 8 and the 
modulus of elasticity of the foam are known. The 
modulus of elasticity of the polyurethane foam will w 
of course vary depending on the proportion of gas 
bubbles It contains. 

Polyurethane foam with enclosed gas bubbles 
is used to provide a damper element having a very 
low stiffness spring portion so as to enable the 75 
absorbing tile to absorb low frequency acoustic 
energy without the tile thickness required being 
excessive. 

Referring to figure 3 a second type of acous- 
tically absorbing tile 16 according to the invention 20 
is shown. The acoustically absorbing tile 16 com- 
prises a first layer 17 of polyurethane plastic and a 
second metal plate layer 18 attached to the poly- 
urethane layer 17. The polyurethane plastic layer 
17 is discontinuous and is formed by three sepa- 25 
rate blocks 17A, 17B, 17C of polyurethane material 
with gaps between them. The free surfaces of each 
of the polyurethane blocks 17 are secured to the 
inner surface of the support tower 2 by adhesive. 

As in the previous example, each acoustically 30 
absorbing tile 16 acts as an acoustic absorber of 
the clamped spring and resonator type. 

Three separate polyurethane blocks 17 are 
used to provide a damper element having a very 
low stiffness spring portion compared to a solid 35 
single block of polyurethane. By varying the pro- 
portions of the polyurethane blocks and gaps (the 
shape factor) in the polyurethane layer 17 the stiff- 
ness of the polyurethane layer 17 can be set to 
any desired value to give the desired absorbtion 40 
characteristics. 

Three separate blocks of polyurethane can 
conveniently be used, but any other number could 
be used if desired. 

In both cases above the acoustically absorbing 45 
tiles could be attached to the outside of the tower, 
but attaching them to the inside is preferred to 
conceal the tiles, and protect them from weather- 
ing. 

It would, of course, be possible to combine the 50 
two types of acoustically absorbing tile shown and 
use a tile having a plurality of separate blocks of 
foamed polyurethane material as a damper ele- 
ment. 

Conveniently the acoustically absorbing tiles 55 
are rectangular for easy manufacture and to allow 
them to fit together on the surface of the tower 2 
but this is not essential. 



In practice it has been found that it is not 
generally necessary to completely cover the tower 
2 with acoustic damping tiles but that only the 
upper portion of the tower 2 nearest the nacelle 3 
needs to mount tiles to prevent noise emission and 
that even in this region only a fraction of the tower 
surface needs to be covered, as a result where a 
wind turbine emits noise at two or more discrete 
frequencies it is possible to interlace a correspond- 
ing number of separate arrays of acoustically ab- 
sorbing iiies, each array being of tiles being op- 
timised for one of the emission frequencies. 

Other plastics materials besides polyurethane 
could be used to make the plastics or plastics foam 
layer, but polyurethane has been found to be par- 
ticularly effective in practice because the elastic 
moduli of some polyurethanes change relatively 
little with temperature. This makes it easier to en- 
sure that the acoustic absorbing tiles will prevent 
noise emission from the wind turbine under all 
weather conditions. 

The tower 2 has been described as being 
circular in cross-section, it could of course be poly- 
gonal in cross-section without affecting the inven- 
tion. 

Although this invention has been discussed in 
terms of reducing or preventing noise emission 
from wind turbines the acoustically absorbing tiles 
can be usefully employed to prevent noise emis- 
sion from any structures which emit noise at one or 
more discrete frequencies, such as transformers. 

Claims 

1. Apparatus for reducing noise emission from a 
structure vibrating at specific discrete frequen- 
cies comprising a plurality of acoustically ab- 
sorbing tiles secured to the surface of the 
structure, each tile comprising a high density 
layer linked to the structure by a layer of 
plastics material. 

2. Apparatus as claimed in claim 1 in which the 
plastics material is a plastics foam material. 

3. Apparatus as claimed in claim 1 or claim 2 in 
which the layer of plastics material is dis- 
continuous. 

4. Apparatus as claimed in any preceding claim 
in which the high density layer is a metal plate. 

5. Apparatus as claimed in any preceding claim 
in which the plastics material is polyurethane. 

6. Apparatus as claimed in any preceding claim 
in which the structure is a wind turbine. 
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7. Apparatus as claimed in any preceding claim 
in which the structure is a transformer. 



5 



70 



15 



20 



25 



30 



35 



AO 



45 



50 



4 



EP 0 657 647 A1 




5 



EP 0 657 647 A1 




6 



Application Number 

EP 94 30 0572 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with Indication, where appropriate, 
of relevant passages 


Relevant 
to ctain 


CLASSIFICATION OF THE 
APPLICATION datCLa) 


X 
Y 

Y 
Y 

Y 

A 

A 

A 
A 
A 


DE-A-28 06 757 (KA-BE WERK) 

* abstract; figures * 

* page 5, paragraph 3 * 

PATENT ABSTRACTS OF JAPAN 
vol. 7, no. 110 (M-214) (1255) 13 May 1983 
& JP-A-58 030 546 (BRIDGEST0NE TYRE K.K) 
23 February 1983 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 17, no. 21 (M-1353) 14 January 1993 
& JP-A-42 046 281 (MITSUBISHI HEAVY) 2 
September 1992 

* abstract * 

WIND ENGINEERING (U.K), 
vol.16, no. 3, 1992 
pages 126-126 - 140 

M.W.L0WS0N 'applications of aero-acoustic 
analysis to wind turbine noise control.' 

* Marked lines on page 127 * 

FR-A-1 257 985 (SI EMENS-SCHUCKERTWERKE AG) 

* the whole document * 

FR-A-2 238 411 (£TAT FRANCAIS) 

US-A-4 469 956 (R. D'AMATO) 

FR-A-1 154 170 (SIEMENS-SCHUCKERTWERKE) 


1-4 

5 
6 

5 
6 
5 

1 

1 
1 


F03D11/00 


TECHNICAL FmOS 
SEARCHED OatCM) 


F03D 

F02K 
F16L 
G10K 
F02C 
FUID 


The present search report has been drawn op lor all claims 


Placa Dfl«tt Dtfaof aa«Uluof IM wet CoaSav 

THE HAGUE 16 February 199S Crlado Jimenez, F 


CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention 

E : evtler pmtent document, but published on, or 
X : pirtlcslirly relevant If tikes alone tftcr the filing fate 
Y : particularly relevant if combined with another D : document dted In the application 
document of the same category L : document dted for other reasons 
A : technological background M .. M ..... M .. M .. M .. M .. N .. M ......... M .. M .. M ...... M .. H .. M .. M . MM . M .. M .. M .... MM .. M 

O : non-written dlsdosure * : member of the same patent family, corresponding 
P : Intermediate document document 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

M ft 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



BLACK BORDERS 
Sd^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
Sa^FADED TEXT OR DRAWING 
^a^BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



